Chlorine, bromine and triflate thienyl-substituted phthalazines 4 and 5 were synthesized in order to be used as precursors on the synthesis of 1-alkoxy-and 1-amino-phthalazines 6-7. These derivatives could also be used in the future, as coupling components in palladium catalyzed cross-coupling reactions to obtain more complex molecules with potential applications in NLO [52] . For this kind of application the substitution of the phenyl ring by the thiophene ring was already demonstrated to be very important [53] .
Results and Discussion
The 2-thienyl-subtituted benzoates 2a-b were obtained in good yields (75-81%), by the standard method of Friedel-Crafts reaction of thiophene with o-phthalic acid mono alkyl ester chlorides 1a-b. These compounds were subsequently cyclized by condensation with hydrazine hydrate to give phthalazinone 3 in 91% yield from benzoate 2a or in 84% yield from benzoate 2b (Scheme 1, Table 1 ). Phthalazinone 3 was already synthesized by BuuHoï et al [50] , by condensation of 2-(2'-thienyl)-2-oxobenzoic acid with hydrazine hydrate.
Bromine, chlorine and triflate substituted phthalazines play an important role in diazine chemistry since they offer the potential for further funcionalization. By nucleophilic displacement of the halogen or the triflate groups, numerous otherwise inaccessible diazines become available. To this end we have synthesized and characterized several halo-and triflate phthalazine derivatives.
From 3, bromo, chloro and triflate derivatives were prepared by reaction respectively with phosphoryl halides and triflic anhydride. The chloride 4a, bromide 4b, and triflate 5 were obtained with respectively 87, 94 and 30% yield. 1-Chloro-4-(2'-thienyl)-phthalazine 4a has been already reported in a patent [51] , by condensation of 1,4-dichlorophthalazine with thienyllithium. No data about the derivative are given. The triflate derivative 5 was prepared according to a modified version [54] , of the procedure described by Toussaint [55] (3'-H) and the other at δ 7.46 (4'-H). On the basis of these data, the 1-bromo-4-(5'-bromo-thieno-2-yl)-phthalazine structure 4c was assigned to this product (Scheme 1).
1-Halophthalazines reacted to the alkoxy derivatives 6a-b when refluxing with the alkoxyde in the corresponding alcohol. Compounds 6a and 6b, were obtained in good yields (Scheme 2, Table 2 ).
Arylamino-and piperidinylphthalazine derivatives show anti thrombotic properties, anti malarial activity and are useful for treatment of septic shock, multi-organ failure, chronic rheumatoid arthritis, multiple sclerosis, SLE, AIDS, hepatitis, type-II diabetes etc. [2, 21, 47] .
In order to synthesize several new 1-(alkyl)arylamino-4-(2'-thienyl)-phathazines, 1-chloro-4-(2'-thienyl)-phthalazine 4a was reacted with an excess of piperidine or an excess of several arylamines, in refluxing acetone [56] , for 3-15 h, to yield 1-(alkyl)arylamino-4-(2'-thienyl)-phthazines 7a-e in moderate to good yields (47-84%) (Scheme 2, Table 2 ).
It has been reported that 3-hydrazino-6-(2-pyrrolyl)-pyridazine can be obtained from the reaction of hydrazine hydrate with 3-chloro-6-(2-pyrrolyl)pyridazine in refluxed n-butanol [57] . Using an analogous route, we hoped to prepare 1-hydrazino-4-(2'-thieny)-phthalazine but we observed that 1-chloro-4-(2'-thienyl)-phthalazine 4a failed to react with hydrazine hydrate to produce the corresponding phthalazine derivative. In our hands chloro-phthalazine 4a reacted with hydrazine hydrate in boiling butanol to afford a brown solution from which an orange solid precipitated. The solution revealed to be a mixture of two compounds (tlc). "Flash" chromatography of this mixture on silica with increasing amounts of diethyl ether in light petroleum gave the thienyl-phthalazinone 3 in 87% yield. The second compound eluted was an orange solid, mp 233.7-234.9 ºC. Mass spectrum of this compound showed the molecular ion at 452.0880 (C 24 H 16 N 6 S 2 ) and an ion at m/z 226 (19%) owing the cleavage into two simple units. The IR spectrum showed one absorption band at 3376 cm -1 (NH). 1 H NMR spectrum revealed a broad singlet (2H) at 10.65 δ due to the NH protons. On the basis of these data, the bis-1,2-[4'-(2''-thienyl)phthalazine-1-yl]-hydrazine structure 8 (8%) was assigned to this product (Scheme 2, Table 2 ).
The reaction of 4a with hydrazine hydrate, under these conditions, gave the oxo derivative 3 in high yield and not the hydrazino derivative, probably due to the hydrolysis of chloro phthalazine 4a [2, 20, 58] . Table 2 Synthesis of 1-Alkoxy-and 1-Amino-substituted Phthalazine Derivatives 6a-b, 7a-e and Dimmer 8 from 1-Halophthalazine Derivatives 4a-b
In summary, we report the synthesis of several derivatives of thienyl-substituted phthalazines in order to obtain new derivatives which could exhibit biological activity or in order to be used as precursors on the synthesis of more complex molecules. The examination of biological activity of compounds 7a-e and 8 are in course. Table 1 Synthesis of Benzoates 2a-b, Phthalazinone 3 and Phthalazine Derivatives 4a-c and 5
H nmr spectra were obtained on a Varian Unity Plus Spectrometer at 300 MHz and 13 C nmr were determined on a Varian Unity Plus Spectrometer at 75.4 MHz using the solvent peak as internal reference. The solvents are indicated in parenthesis before the chemical shift values (δ relative to TMS). Mp's were determined on a Gallenkamp apparatus and are uncorrected. Infrared spectra were recorded on a Perkin-Elmer 1600 FTIR spectrophotometer. EI mass spectra EI (70 eV) and hrms were run on a Unicam GC-MS 120. Elemental analysis was carried out on a Leco CHNS-932. Column chromatography was performed on Merck silica gel 60 (Art 9385). Light petroleum refers to solvent boiling in the range 40-60 °C.
General Procedure for the Preparation of Acid chlorides 1a-b.
The phthalic acid monoalkyl esters (70 mmol) were dissolved in 50 mL of dry dichloromethane and then thionyl chloride (12.5 g, 105 mmol) was added and the mixture was heated at reflux for 4-4.5 h. Evaporation of the solvent under reduced pressure gave the crude acid chlorides 1 which were used without further purification in the Friedel-Crafts reactions. General Procedure for the Friedel-Crafts Reaction.
Acid chloride 1 (17.2 g, 114 mmol) and thiophene (9.59 g, 114 mmol/9.03 mL), in dry dichloromethane (200 mL), were added dropwise to a stirred solution of stannic chloride (32.7 g/14.7 mL, 125 mmol,) in dry dichloromethane (200 mL), at 0 ºC. After the addition, the mixture was stirred overnight at rt and then poured onto ice-water (1000 mL), acidified with con. HCl and stirred at 0 ºC during 1 h. This mixture was extracted with dichloromethane (3x50 mL) and the combined organic extracts were washed with a solution of (5 %) NaOH (3x100 mL), water (2x100 mL) and dried (MgSO 4 ). Evaporation of the solvent under reduced pressure gave the crude acyl benzoates 2 as oils that were purified by "flash" chromatography on silica with increasing amounts of ether in light petroleum as eluent.
Methyl-2-(thiophene-2-carbonyl)benzoate (2a).
This compound was obtained in 81% yield as a colorless solid, mp 67-68 ºC; 1 
Synthesis of 4-(2'-Thienyl)-1-(2H)-phthalazinone (3).
A mixture of benzoate 2a-b (5 g, 20 mmol) and hydrazine hydrate (1.5 g, 30 mmol, 1.45 mL) was heated at reflux in ethanol (35 mL) for l6 h. The mixture was left at -4 ºC overnight. After cooling the obtained crystals were collected by filtration and washed with ethanol to give the pure phthalazinone 3 [17] [18] 
General Procedure for the Synthesis of 1-Halo-4-(2'-thienyl)-phthalazines 4a-b.
A mixture of 4-(2-thienyl)-1-(2H)-phthalazinone 3 (1 g, 4.4 mmol), and POX 3 (X=Cl or Br) (8.8 mmol), was heated for 4 h at 110-120 ºC. This mixture was cooled till rt and then poured onto ice-water, basified with a solution of ammonia (2 M) and stirred for 15 min. to give a solid which was filtered and washed with water and light petroleum to give the pure 1-halo-4-(2-thienyl)-phthalazines 4a-b.
1-Chloro-4-(2'-thienyl)-phthalazine (4a).
This compound was obtained in 99 % yield as a yellow solid mp 134.5-135.5 ºC (ether), (lit. [51] 
Synthesis of 1-Bromo-4-(5'-bromo-thieno-2-yl)-phthalazine (4c).
A mixture of 4-(2'-thienyl)-1-(2H)-phthalazinone 3 (1 g, 4.4 mmol), and POBr 3 (48.4 mmol), was heated for 4 h at 110-120 ºC. This mixture was cooled till rt and then poured onto icewater, basified with a solution of ammonia (2 M) and stirred for 15 min. to give a beige solid which was filtered and washed with water and light petroleum to give the crude phthalazine 4c as a beige solid. "Flash" chromatography of this solid with increasing amounts of ether in light petroleum gave the pure dibromophthazine 5c in 62% yield as a beige solid, mp 164.0-165. General Procedure for the Preparation of 1-Alkoxy-4-(2'-thienyl)-phthalazines 6a-b.
Halophthalazine 4a was heated at reflux with NaOR (R=Me or Et) in methanol or ethanol (45 mL) for 4 h., and then cooled and the solvent was removed under reduced pressure to give an orange solid. This solid was poured into water (50 mL), and neutralized with a solution of HCL (10%). The reaction mixture was then extracted with dichloromethane (2x40 mL). The organic extract was dried with MgSO 4 and the solvent was evaporated under reduced pressure to give the crude 1-alkoxy-4-(2-thienyl)-phtalazines 6a-b which were purified by "flash" chromatography on silica with increasing amounts of ether in light petroleum as eluent. General Procedure for the Synthesis of 1-(Alkyl)arylamino-4-(2'-thienyl)-phthalazines 7a-e. Amine (2.43 mmol), water (0.017 mL) and one drop of HCl (37%) were added to a stirred solution of 1-chloro-4-(2'-thienyl)-phthalazine 4a (4.2 g, 0.81 mmol) in acetone (20 mL). This mixture was heated at reflux for 3-15 h then cooled and the amine chlorohydrate separated by filtration affording a pale brown solution. This organic solution was evaporated under reduced pressure to give a crude solid that was dissolved in dichloromethane and the solution obtained was basified with a solution of ammonia (2 M), extracted with chloroform (3x30 mL) and washed with water (3x30 mL). The combined organic extracts were dried and the solvent was evaporated under reduced pressure to give the crude 1-(alkyl)aryl-4-(2'-thienyl)-phthalazines 7a-e which were purified by recrystallization or by "flash" chromatography on silica with increasing amounts of ether in light petroleum as eluent.
1-Piperidino-4-(2'-thienyl)-phthalazine (7a).
This compound was obtained in a 84% yield as a beige solid, mp 125.3-126.3 ºC; 1 H NMR (deuteriochloroform): δ 1.70-1.80 (m, 2H, CH 2 ), 1.80-2.00 (m, 4H, 2xCH 2 ), 3.40-3.60 (m, 4H,
